Nonlenclature electron speed mean electron speed electric field strength, v I cm electron charge electron velocity distribution function Planck's constant current density, amp/cm 2 Boltzmann constant atomic or electronic mass number density diffusion cross section of ith species, see Eqs. (3) and (8) for averaged quantities temperature ionization potential mean thermal energy, !kT averaged collision frequency, see Eq. (8) electrical conductivity close-encounter conductivity term Spitzer conductivity term sum over both neutral and ionized species sum over neutral species characteristic time (neO V.I O'OE2) relaxation time for conductivity rate of elastic energy loss per unit volume from free electrons tric fields of appreciable strength are required to drive a current in the gas. The presence of such fields tends to elevate the electron temperature and to lead to a degree of ionization which is greater than that corresponding to the original gas temperature. This enhanced ionization can lead to appreciable increases in electric conductivity of the gases and hence to more efficient propulsion and generating devices. These nonequilibrium effects have been studied in conjunction with generator and accelerator problems by a number of authors l -3 when the plasma is a noble gas seeded with an alkali metal vapor. The experiments discussed in this paper deal with measurement of the electrical conductivity and the response of the conductivity to a step function change in applied electric field for a system in which a relatively cool, seeded plasma is used as the working medium.
Subscripts
The measurements were made in a plasma flowing through a circular duct with electrodes arranged to give an axial current. The plasma was composed of argon gas seeded with potassium vapor, and measurements were made at a pressure of 1 atm and a gas temperature of about 2000oK. A voltage pulse technique was used, and the relaxation phenomena occurred during periods that were short compared with the residence times of the gas between the electrodes. The joule heating of the neutral gas during the transient periods investigated was small. Conductivity values were calculated from measurements of voltage and total current made during the steady-state period after the transient had died out. Changes in emission of two spectral regions were measured, and the steady-state values were used to estimate the electron temperature change in response to the voltage pulse. Conductivity and intensity data obtained during the pulse were used to obtain a crude picture of the phenomena occurring in the plasma during the transient period.
Apparatus
An arcjet heater is used to heat the larger portion of an argon gas flow. This main flow is then combined with a smaller, secondary flow of argon which has been passed through a potassium boiler, with a minimum residence time of 2 sec, and is saturated with potassium vapor. The flow passes through a mixing chamber with a length-to-diameter ratio of 16 before entering the test section.
The concentration of potassium in the flow, which results from the combination of these two streams, is fixed by con-trolling the boiler temperature and secondary argon flow rate. Measurements indicate that the potassium concentration in the resulting stream is within 10% of the calculated flow rates. A much more detailed description of the equipment for the general flow system is given by Pinchak. 4 , 5 During the tests, the plasma pressure was maintained at 1 atm and the argon flow rate at 2.4 g/sec. For the test section conditions used, this mass flow corresponds to a speed of about 300 fps, or a Mach number of about 0.10. The plasma temperature was 2000 ± lOOoK, and the potassium seed concentration was kept in the range between 0.2 and 0.8 mole %. Measurements made at the end of the test section showed that the temperature profile there was flat and fell off 5 to 10% as the wall was approached.
A typical test section is shown in Fig. 1 . Electrons are emitted thermionically from a spiral tungsten electrode immersed in the flow at the downstream end of the cylindric test chamber and flow axially to the anode that is a stainlesssteel cylinder imbedded in the insulating wall. The test section inside diameter was tin.; typical dimensions of the other elemener are shown in Fig. 1 . Tungsten-wire voltage probes of 0.060-in. diam were inserted as shown. The voltage drop between these electrodes rather than that between the cathode and anode was used to reduce end-effect errors due to electrode geometry.
The insulating cylinder used as the test-section wall was made of boron nitride or alundum, and it was thermally shielded so that the inner wall temperature was above 1200° K. The electric circuit, shown schematically in Fig. 2 , was arranged to allow the application of a step function increase in voltage between the electrodes. A capacitor was used as the voltage source, and the voltage rise time at the electrodes was less than 2 fJ,sec. The voltage could be maintained at a fixed level for periods up to 1 msec. This system was slightly underdamped, and the voltage traces showed a slight overshoot that was never more than 5%. The applied field strength could be adjusted between 0 and 12 v / em and the maximum current density was about 80 amp/cm 2 • ' Voltage and current measurements were made with an oscilloscope, and the response time of this equipment was about 1 fJ,sec.
Measurements were made during a few of the pulses of the intensity changes of a number of spectral lines. The observed radiation was obtained by looking along a diameter of the insulating tube at a point midway between the electrodes. Type 7102 photomultiplier tubes were used to monitor spectral regions centered at 7680 A and 6900 A and the half-wi?th of the region observed was fixed by filt~rs at about 90 A. Care was taken to eliminate interaction between the tubes and stray fields produced by the voltage pulsing apparatus. The response time of the tubes and associated circuitry was found experimentally to be less than 2 fJ,sec.
The pulse was applied when the current and field between the electrodes was zero. The total current, the voltages de-:relop~d between the electrodes and the two probes, and the mtensity of several spectral lines were all obtained as a function of time. Measurements were also made of the steadystate operating conditions of the arc heater and potassium boiler so that the conditions of the gas in the discharge region prior to application of the voltage pulse could be determined.
The electrical conductivity was calculated from the measured values of the total current and values of the electric field strength between the probes. Current density values were obtained by using the actual cross-sectional area of the test section and the assumption that the current density was uniform across the flow. It should be noted that the effective cross-sectional area may be somewhat less than the physical cross-sectional area used here because of the possible existence of current nonuniformities and the neglect of the thermal boundary layer at the duct wall. The length of time required for the discharge to reach a steady state was less than 60 fJ,sec for most of the experiments. The residence time of gas flowing between the electrodes was greater than 400 fJ,sec. Hence, for most of the experiments, the gas could be treated as a stationary mass, and phenomena associated with the transport of the plasma could be ignored. In addition, the rate of power input to the plasma was so small that the heating of the neutral gas could be ignored.
Electrical Conductivity
The method used to calculate values of the scalar electrical conductivity for comparison with the experimental results is discussed in this section. Theoretical description of the transport processes occurring in a slightly ionized gas is complex, and only a brief outline can be given here. Calculations of electrical conductivity in an ionized gas reduce to calculations of effects resulting from perturbations of the electronic velocity-distribution function under the influence of externally-applied electric fields.
Two expansion techniques have been used to determine the electrical conductivity in terms of the electron distribution function and the effects of binary collisions. The first, based on the Enskog procedure, was applied by Chapman and Cowling. 6 The second, a somewhat more rapidly converging procedure based on the expansion of the distribution function in spherical harmonics, was discussed by Allis.7 The latter technique is preferred here, since an arbitrary energy dependence of the cross section for collisions can be easily included in the analysis. This is particularly important for the potassium-argon system because of the pronounced dependence of the cross sections on quantum-mechanical effects. The desired scalar conductivity expression is obtained with minor manipulation from Eq. (31.9) of Allis. 
It has been assumed in deriving this result that the heavy species of the plasma have an isotropic distribution and that the mass of the electron is negligible compared to that of the heavy particles. Here io is the first approximation to the electronic distribution function which is not necessarily the Maxwell distribution function. However, as explained in the next section, the conditions for the attainment of a Maxwellian distribution are probably satisfied for the present experiments, and, for this case, (2) when the definition 1 .J: 00 ~e-~d~ ~nnnQn == 0 ~nnnQn(8 (3) is used, and ~ = !mec2/kT. Note that the average values of the reciprocal su:n of the diffusion cross sections appearing here are not the sImple averages over the velocity distribution used by several other authors.8 From the point of view of the present analysis, the latter average is clearly incorrect, and, for gases such as potassium or argon, the averaged cross-sectional values change appreciably with the average used.
It is interesting to note that the result of evaluating Eq. (2) for cross sections independent of electron speed gives an equation for the conductivity which is identical to that obtained by Chapman and Cowling by use of three terms in the Chapman-Enskog expansion.
If the Coulomb cross section is used in Eq. (2) instead of the electron-neutral cross section, a first approximation to the conductivity of an ionized gas is obtained. Spitzer9 has shown that, because of the effect of electron-electron interactions on the distribution function, this value is reduced by a factor of "IE = 0.582 and the resulting conductivity is
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A fundamental difficulty arises in the calculation of conductivity in a plasma for which both close encounters and distant encounters simultaneously interact to determine the resultant conductivity. This is because the first approximation to the electron-distribution function used in calculating (J'c was the Maxwell distribution whereas that used to obtain Eq. (4) is not. The difference in values of (J'8 calculated by use of the Maxwellian distribution and the modified distribution function used by Spitzer is just "IE = 0.582. Clearly, the difference in distribution function is important here, and, therefore, the deviation from the Maxwellian form may have an appreciable effect on the calculated conductivity when (J'. and (J'c are of a similar magnitude. Although several attempts have been made to treat this calculation, e.g., Ref. 10, no calculation is known to the authors which accounts for the change in the distribution function.
To obtain an approximation for the conductivity in this region, the conventional assumption is made that the resultant conductivity is
The electron density ne appears as a factor in the conductivity expressions. When the degree of ionization is in equilibrium with the electron temperature, ne can be evaluated from the Saha equation. In the present experiments, only potassium is ionized, and the Saha equation can be written, for the temperatures encountered here, as (nKO -ne)e-4.34/KT (6) When the plasma composition, electron temperature and cross sections are specified, Eqs. (2) (3) (4) (5) (6) can be used to caldulate the electron density and conductivity.
Two-TeIllperature Case
. U~der certain conditions, the assumption that all the speCle~ m the plasma are in thermal equilibrium breaks down. ThI~ can occur be?ause energy is supplied to the plasma priman~y by the actI?n ?f the electric field on the electron gas, a~d It must be dIstnbuted to other species by interaction wIth the electrons. The population of the excited states may be in thermal equilibrium with the electron gas when the electron density is high enough. However, the transfer of energy between electrons and the thermal component of atomic energy is relatively very inefficient (because of the great difference in masses of the electron and atomic species) and, hence, the atom translational temperature may b~ much less than the electron temperature.
The situation is actually more complex, since radiant energy losses from the various excited states may be so important that the population of the excited states would be out ?f thermal equilibrium with either electron gas or atomic speCIeS, and the "temperature" of any excited level could vary.
. In ~he present a~proach, this complex picture is radically SImplIfied by assummg that the electrons and excited atomic states are in thermal equilibrium at a temperature that can be greatly different from the translational temperature of the atomic species. In addition, it is assumed that the distribution functions for electron and atomic velocities are Maxwellian to the first approximation. The concept of a twotemperature .plasma was applied to electron diffusion through gases some tIme ago, e.g., Ref. 11. However, the application of this model to the present problem was brought to the authors' attention by the work of Kerrebrock,l who added the key suggestion that the electron gas could be considered to be in thermal equilibrium with the population of the excited states. A great many assumptions are implicit in this two-temperature model of the plasma, and it is beyond the scope of this paper to justify all of them. A few of the more important assumptions are discussed here.
First, in order that the electron gas maintain an approximate Maxwellian distribution, it is necessary that 1) the energy gained between collisions from the electric field be small compared with the mean thermal energy and 2) that ~he electron-electron collision frequency be high enough to msure that the energy exchange between electrons dominates energy loss processes. For the experimental conditions both 1 and 2 are satisfied. ' Second, the populations of the free and bound electronic states are assumed to be determined by the condition of thermal equilibrium at the electron temperature. Establishment of the validity of this assumption requires a detailed knowledge of the rate processes that determine the population of the electronic states. The description of these processes can be done only in an approximate way because of uncertainties concerning the rate coefficients, but it has been considered in some detail by BenDaniel and Tamor 2 for conditions similar to those encountered here. When radiation processes are not important compared to the influence of electronic collisional processes in fixing the population of the electronic states, then the equilibrium approximation is valid. Judging from their results, the assumption of equilibrium appears to be valid for the experimental conditions.
If the two-temperature model is used, the calculation of electron density and electrical conductivity given previously can be used, with the exception that the temperature that appears in these expressions must be the electron temperature. However, the electron temperature is now a variable and must be determined separately.
Electron temperature
For the quasi-steady state, electron temperature can be determined by considering the equation for conservation of energy for the system composed of the electron gas and the excited states. I, 11 The energy balance is given by equating the power supplied by the external field JE to the losses. Two loss mechanisms are considered here; the most important is the elastic loss to atomic species. However, radiation losses must also be considered when JE is small.
Elastic energy losses: The energy loss by electrons in elastic encounters with the atomic species can be expressed in terms of the diffusion cross sections occurring in the conductivity expressions. The treatment used here follows the development given by Petschek and Bryon. 12 They assume that the atomic species have an isotropic distribution and that me/ma «1. If, in addition, we assume that the first term in the expansion for the electron distribution function is Maxwellian and note that for the potassium-argon system the masses of the atomic species are approximately equal, the rate of energy loss per unit volume from the electron component can be expressed as (7) where (8) In terms of the conductivity, Eq. (7) may be written as (9) Steady-state radiation losses: The effects of inelastic collisions as an energy loss mechanism from the steady-state system of free and bound electrons are included in an approximate way by estimating radiation losses from the plasma due to bound-bound transitions. For the conditions of electron temperature and density of interest here, continuum radiation due to free-free and free-bound transitions is negligible compared to the bound-bound radiation losses. Thus, in estimating inelastic losses, the three-body electronic recombination process is assumed to be dominant over the two-body radiative process. In addition, the effects of three-body recombination with a heavy third body are ignored.
Several assumptions were made to estimate steady-state radiation losses. It was assumed that 1) the population levels of the excited states of potassium were in thermal equilibrium at the electron temperature; 2) spatial uniformity of absorbers and electron temperature existed throughout the plasma; 3) the gas volume was a cylinder of 1.91-cm length and of a diameter of 1.27 cm; and 4) an equivalent mean beam length could be used in the conventional manner proposed by Hottel 13 and extended by Olfe.
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The spectral line widths for this plasma are primarily fixed by Doppler broadening and dispersion broadening due to Lorentz and quadratic Stark effects. Broadening due to quadratic Stark effects was calculated by the approximate impact theory formula given by Margenau. .---.----.-----r----,-- 
ELECTRON ENERGY, (ev) Fig. 3 Elastic collision cross sections.
by argon atoms. The effective half-width for dispersion effects was assumed to be the sum of the Lorentz and Stark half-widths. Transition probabilities were taken from many sources. IS Experimental data exist for the lines of primary importance and agree quite well with theoretical values found by the method of Bates and Damgaard. 19 The method of calculation of line radiancies utilized the well-known "curves of growth" valid for the case of combined Doppler and dispersion broadening effects as outlined by Penner. 20 Calculations of total radiancies were carried out for about 75 lines due to 8 (10) where the radiation term is represented by cR •.
The transient case is much more complex because the inelastic energy-loss terms depend in detail on the rate coefficients of the various energy transfer processes. A crude picture can be obtained by ignoring these terms completely.
For this case, the energy of the electron gas is just nee E. + V i), and the transient energy equation is given by
Steady -Sta te Calculations
If we consider the quasi-steady condition described by Eq. (10), we can determine the electron temperature when the composition and temperature of the atomic species is specified. In practice, it is more convenient to piGk an electron temperature and solve for ne from Eq. (6), u from Eq. (5), determine cR. as just described, and finally solve for J and E from Eq. (10) . In all calculations of interest here, the quasi-steady state can be assumed to have been established in times short compared with the time in which appreciable changes have occurred in T a. Hence, to a very good approximation, T a is the initial temperature of the atomic species.
The integral expressions for electrical conductivity and elastic collision losses due to close encounters were evaluated numerically using the total scattermg cross-section values of Ramsauer and Kollath 21 for argon and those of Brode 22 for potassium. The cross sections used are shown as a function of energy in Fig. 3 . Unfortunately, these data are the total scattering cross section, whereas the diffu- sion cross section is required. However, in the range of electron energies of interest here, there is no pronounced forward or backward scattering, and there is probably less than a 10% difference between the two cross sections. 23 Values of the conductivity and other parameters entering its determination are given in Table 1 However, the averaged cross section that appears in the elastic loss term is temperature dependent.
Transient
The response of a plasma to a varying electric field can be analyzed by use of Eqs. (5), (11), and an expression for the net rate of production of electrons. Unfortunately, neither the detailed reaction mechanism nor the various cross sections for the reaction steps are sufficiently well known, and, consequently, not even approximate numerical solutions can be carried out. However, some information concerning the early stages of the response of a plasma to a step function (12) and this equation can be analyzed to obtain several time constants. First, assume that no energy goes into ionization. Then the first term on. the. right-han~ side of Eq. (12) can be ignored, and the SImplIfied equatIOn can be integrated. The relaxation time for the establishment of the new electron tem~erature is given by an average value of [t(me/ma)2;miimJ-l and IS less than 3 J.Lsec for these experiments.
Si~il~rly., assume that all of the available energy goes into the IOnIZatIOn process. The second and third terms on the r~ght~ha?-d side of (12) are neglected, and the resulting integratIOn mdICates that the time required for the electron density to reach the steady-state value, fixed for the field E is propo,rtional to an av~rage value of (n. VJ (JE2). Cal~ulating thIS average. value IS complicated by the fact that (J/ne is a strong functIOn of ne because of the ion-electron interaction term. For fields of the order of 3 to 10 v / cm numerical integration indicated that the relaxation time ~as in the range of 6 to 10 times the initial value of (neoVJ(JoE2). For smaller fields, the multiplication factor is smaller, and, for a field of about 2.5 v / cm, the factor is about 5. For a field of 5 v / cm, the time required is about 20 J.Lsec.
Finally, assume that the electron density is constant and the neutral gas absorbs the power. The energy balance leads to th~ result that for a 10% change in neutral particle energy, a tIme of about 300 J.Lsec is required when the field is 5 v/cm.
These three calculations suggest the following picture of the transient process. During the first few microseconds the electrons absorb an appreciable fraction of the power and reach an elevated temperature. Later, the ionization proc~ss ~s d~minant and becomes the principal sink for energy. The IOlllzatIOn process remains the chief energy sink for most of th~ transient period, and, during this time, the ionization rate IS fixed by the power input of the system. At the end of the transient, recombination processes dominate, and the rate of change of electron temperature and density becomes small. After this initial transient period, the temperature level of the whole system slowly increases.
Experilllental Results
M.easurements were made during the transient period imedIately following the application of the voltage step functIOn and also during the quasi-steady-state period after the transient had died out. The time required to reach this steady state was so short that phenomena associated with the gas flow or neutral heating could be ignored.
A typical set of observations are shown in Fig. 4 . Here, current, voltage, and the intensity of the potassium resonance T. The voltage pulse is applied at zero time and remains approximately constant for the duration of the test. The current and spectral-line intensity rise sharply for small times and flatten off more gradually as the steady state is approached. The steady-state condition is reached after about 70 J.lsec, and the current and the line intensities reach a steady value at roughly the same time. Measured values of current and light intensity and inferred values of conductivity were found to be strong functions of the voltage gradient. Typical examples of the dependence of conductivity on time and voltage gradient are shown in Fig. 5 .
As the voltage gradient is increased, the steady-state conductivity values increase and the relaxation time decreases. From data such as that presented in Figs. 4 and 5, it was possible to obtain steady-state values of the conductivity as a function of the voltage gradient or current density and to obtain values of the relaxation time for the conductivity change in response to a sudden change in field strength. In addition, some information concerning the mechanism of the ionization process was obtained from transient current measurements and preliminary light intensity data. In the following paragraphs, the steady-state results are discussed first.
Steady-State Results

Conductivity
The electric conductivity has been determined as a function of the applied field strength and the potassium concentration for a plasma with a temperature of 2000° ± lOOoK and Elastic collision losses and radiation Fig.7 Dependence of steady-state conductivity on current density. The conductivity data are shown in Figs. 6 to 9 for four values of potassium concentration and are plotted as a function of current density. The current density covers the range from 0.8 to about 90 amp/cm 2 with a variation of conductivity between 0.5 and 8 mho/em. Values of conductivity calculated by the two-temperature theory discussed earlier are presented as a curve on each figure. The data and theory agree very well over the whole range, and it is evident that the radiation correction is very important at the low current densities.
The agreement between experimental and theoretical values is much better than could be expected considering the experimental uncertainties and simplifying assumptions made in the theory. Some of the experimental uncertainties are due to the possible effects of radial temperature gradients, impurities in the argon, and errors in potassium concentration and plasma temperature. The theoretical values may be incorrect because of the many simplifying assumptions made in the theory and because of errors in cross-section values. Given these possible errors, one can only conclude that the conductivity values are not very sensitive to the inaccuracies listed here. This is largely true because (]" is almost proportional to J. A more precise check on the proposed two-temperature model must depend on electron density and electron temperature measurements.
Some effort has been made to measure the electron temperatures directly by use of the spectral-line intensity data and the sodium-line reversal technique. The data give Elastic collision losses and radiation Fig.9 Dependence of steady-state conductivity on current density.
values that are about 10% below the theoretical values, e.g., 28700K measured and 32000K expected at J = 20 amp/cm 2 and 3000 0 K measured and 3320 0 K expec~ed .at J = 30 amp/cm 2 • It is not obvious yet whether thIS dI.Screpancy is due to experimental technique or some error m theory.
Transient Data
Relaxation times
The information most directly obtained from the transient measurements is the determination of the relaxation times for the conductivity of a plasma in response t? ~he appli?ation of a step function in the electric field. ThIS .mformatIOn is obtained from data plots similar to Fig. 5 . It IS clear from this figure that, as the field strength is increased., the ste~dy state values of conductivity increase and the tIme reqUIred to reach these values decreases.
In analyzing the data, it is convenient to give the results as a function of a characteristic time for the process. The discussion of the energy equation (12) under the "TwoTemperature Model" suggests that the group (neO Vii (ToE 2) forms the appropriate characteristic time.. For a given field strength, the characteristic t~me changes by about a factor of 3 over the range of potassIUm conc~n trations covered by the experiments. The good correlatIOn of the data of Fig. 10 suggests that the dependence on potassium concentration is correctly accounted for by use of the characteristic times as the variable. . Note that, for large fields, measured values of relaxatIOn times are almost identical with the theoretical values found in the preceding section when the assumption was made t~at all available power went into ionization. Both depen? Imearly on Te, and both are about 8 times larger. Thus, It appears that the ionization rate, and hence the .rate of change of conductivity, is given by the rate of power mput for fields Variation of }'elaxation tillle with characteristic tillle.
in the range 3.5 :s; E :s; 10 vi cm. For field strengths less than 3.5 v / cm, the experimentally-determined relaxation times are larger than those predicted from the assumption that all the power goes into ionization, and it is evident that, for these low fields, elastic energy and radiation losses are important sinks for power during the ionization period.
The small values found for the relaxation times imply that no transient conductivity problems will be encountered at the entrance of an electric generator using a seeded plasma.
For example, with a field strength of 3 vi cm, the relaxation length for a flow with a Mach one inlet speed, nKlnA = 0.0028, and Ta = 20000K is about 4 cm. Normal fringing of the electric field should obscure the presence of such a relaxation length and make its effects negligible.
Relaxation mechanism
The relaxation times for the conductivity observed in this experiment show that steady ionization levels are reached in times too short to be explained only on the basis of direct ionization of unexcited atoms. Using a linear approximation to the low-energy portion of the cross section vs energy curves for ionization from the ground state and the cross section estimated from data given by von Engel,24 one would calculate that the relaxation time would be greater than 4 X 10-4 sec for Tel = 3500 o K. Experimentally, we observe conductivity relaxation times that are a factor of 40 times smaller than this. Thus, it appears that multistep ionization processes are important in the potassium-argon system under our experimental conditions. Some additional information concerning the relaxation mechanism early in the pulse was obtained from the values of light intensity measured for the two spectral regions and from the examination of the initial rate of change of conductivities. The spectral data (Fig. 4) indicate that the population of the first excited state, and hence by inference, the electron temperature, rises much more rapidly than the conductivity during the first few microseconds. In contrast, higher populated states rise much more slowly.
Combination of measured values of the initial rate of change of conductivity and Eq. (12) make it possible to determine the important terms in the energy balance early in the pulse. The analysis shows that, for E > 3.5 v / cm, the dominant term is the ionization process and, for E < 3.0 vi cm, either cRs or n was dominant.
These data, discussed much more fully in Ref. 25 , indicate that the general features of the ionization process are similar to those suggested in the theoretical discussion. That is, the electron temperature reaches an elevated value very early in the process, and the chief energy sink thereafter is the ionization process. They also indicate that, when the field strength becomes sufficiently small, this general picture breaks down, and heating of the neutral gas or energy loss by radiation appears to become dominant.
Summary
The electrical conductivity of a plasma, made up of argon seeded with potassium vapor, has been determined experimentally for a wide range of current density and potassium concentration and for a temperature of 2000oK. The experimental values agree very well with values calculated from the two-temperature model. Electron temperature measurements were about 10% below values estimated from conductivity data and theory. These results confirm the usefulness of the two-temperature model for calculation of the nonequilibrium conductivity, but more precise measurements of electron density and temperature are required to evaluate properly the general validity of the model.
Values of the relaxation time for the conductivity in response to a step function change in electric field have been determined for the range of conditions just described. The values were found to be proportional to (n.o/ ffoE2) and were in the range of a few tens of microseconds for field strengths greater than 3 v/cm. When the field strength was above 3 v/cm, the experimental values of relaxation times were similar in magnitude and dependence on (n.o/ ffoE2) to values estimated on the basis of the assumption that all the power went directly into the ionization process. The short relaxation times observed suggest that ionization occurs by a multistep process. Observations made during the transient period indicate that the electron temperature rises to an appreciable fraction of the steady-state value during the first 5 fJ-sec of the voltage pulse. This result is in good agreement with the short times observed for relaxation.
